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Scorpin familyYPEL5 is a member of the YPEL gene family that is highly conserved in the eukaryotic species and apparently
involved in a certain cell division-related function. In this study, we examined the functional and
phylogenetic aspects of YPEL5 protein in more detail. During cell cycle, YPEL5 protein was detected at
different subcellular localizations; at interphase, it was located in the nucleus and centrosome, then it
changed location sequentially to spindle poles, mitotic spindle, and spindle midzone during mitosis, and
ﬁnally transferred to midbody at cytokinesis. Knockdown of YPEL5 function by siRNA or anti-sense
morpholino oligonucleotide inhibited the growth of cultured COS-7 cells and early development of medaka
ﬁsh embryos, indicating its involvement in cell cycle progression. Interestingly, RanBPM (Ran Binding
Protein in the Microtubule organizing center, encoded by RANBP9) was identiﬁed as a YPEL5-binding protein
by yeast two-hybrid method. A paralog of RanBPM, namely RanBP10 (encoded by RANBP10), was found to be
another YPEL5-binding protein, and these two protein genes are highly conserved each other. Comparative
genomic analysis allowed us to deﬁne a new gene family consisting of RanBPM and RanBP10, named Scorpin,
providing a basis to better understand how they interact with YPEL5.for the sequences reported in
a).
ll rights reserved.© 2010 Elsevier Inc. All rights reserved.Introduction
We previously identiﬁed a novel gene YPEL1 (Yippee like 1) at
human chromosome 22q11.2 and found that it is a human homolog of
Drosophila Yippee and highly conserved among eukaryotic species [1].
At ﬁrst, Drosophila Yippee was identiﬁed as a protein that interacts
with a blood protein Hemoline of an insect, moth Hyalophora cecropia
[2]. For the vertebrate, mouse Ypel1was ﬁrst reported as a homolog of
Drosophila yippee [3] and then mouse Suap (small unstable apoptotic
protein) was shown to have high homology to mouse Ypel1 [4]. For
human, we found four paralogs (YPEL2–YPEL5) of YPEL1 and proposed
that those ﬁve members in total comprise a novel gene family YPEL.
Phylogenetic analysis of 100 YPEL family members from 68 species
conﬁrmed a notion that Drosophila yippee is an ortholog (Ypel-b) of
human YPEL5 and mouse Suap is a protein product of the mouse
ortholog (Ypel3) of human YPEL3 [1].
YPEL family proteins exist in essentially all the eukaryotes
including fungi, plants and animals, and exhibit extremely highhomology among members. In the animal kingdom, the YPEL family
member counts from 2 (nematode) to 5 (mammal), and their function
appears to have differentiated as the member increased through
evolution. In the phylogenetic tree, YPEL family proteins of animals
and plants were classiﬁed into two subfamilies A and B (Animal-A/
Animal-B and Plant-A/Plant-B) (Fig. 1). For ﬁve members of the
human YPEL family, YPEL1 through YPEL4 belong to Animal-A and
YPEL5 alone belongs to Animal-B. The indirect immunoﬂuorescent
staining using two different antibodies, each of which recognize four
YPELs (YPEL1 through YPEL4) and YPEL5, revealed their location at
the mitosis-related subcellular structures such as centrosome, spindle
pole, and mitotic apparatus, suggesting that all the YPEL proteins
possess a closely related function in the cell division cycle [1].
To further elucidate the function of human YPEL family proteins,
we ﬁrst focused on YPEL5, because it is serologically and evolution-
arily distinct from the other four members. In this study, we presented
the evidence for precise subcellular localization of YPEL5 protein at
different stages of cell division cycle, and the growth inhibitory effects
on cultured COS-7 cells and medaka ﬁsh (Oryzias latipes) embryos
when YPEL5 expression was suppressed. Furthermore, we found
that YPEL5 binds to two distinct proteins RanBPM (Ran binding
protein in the microtubule organizing center) and RanBP10. Thus, the
possible function of YPEL5 in the animal cell division cycle was
Fig. 1. An updated phylogenetic tree of YPEL family member proteins. CLUSTAL X and
Njplot were employed. Horizontal lengths of tree branches are proportional to the
extent of sequence divergence from the common ancestor. Five gray boxes indicate ﬁve
subfamilies (Animal-A and-B, Plant-A and -B, and Fungi). Brackets indicate the
subgroups containing each of human YPEL1–5. YPSG1–5 stand for YPEL subgroup 1–5.
Bootstrap values were also indicated at nodes in which each subgroup branched.
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RanBPM and RanBP10.
Results
Updating a phylogenetic tree of YPEL family proteins
In the previous report, we presented a phylogenetic tree of YPEL
family proteins that consist of nearly 100 YPEL family members from
68 species including animals, plants and fungi [1]. Since then, at least
100 new ESTs, which have homology to the YPEL family, were
deposited for more different species in the public databases. We also
identiﬁed three new YPEL members in the genome sequence of
medaka ﬁsh (Ypel-b2, -c and -d) and analyzed their full-length cDNA
clones in detail. Having data on these newmedaka YPEL members, we
reanalyzed the phylogenetic tree of YPEL by CLUSTAL X using three
new database entries of different phyla (zebra-ﬁnch, Cyanophora, and
Volvox) and 36 representatives from the previous 100 YPEL members
(Fig. 1). From this analysis, we made the following new ﬁndings. (a)
Previously, ﬁsh YPEL family members were counted 2, but now it was
counted 4 (Ypel-c, Ypel-d, Ypel-a, Ypel-b/Ypel-b2), belonging to YPEL
subgroups YPSG1, 2, 3, and 5 (Fig. 1). (b) Medaka Ypel-b and Ypel-b2showed much higher homology (89% amino acid similarity) than the
other three medaka Ypel members (41–45%), and both genes
belonged to Animal-B group, which is, in general, composed of only
one gene per species. Ypel-b and Ypel-b2 were considered to be
duplicated genes as a trace of whole-genome duplication during the
evolution of teleost ﬁsh [5]. (c) A new member of bird (zebra-ﬁnch)
YPEL was classiﬁed to YPSG4 subgroup, suggesting that birds may
have 4 members belonging to YPSG1, 2, 4, and 5.
Subcellular localization of YPEL5 protein during cell division cycle
COS-7 cells of African green monkey were processed for double
thymidine block and the synchronized cells at different stages were
examined by indirect immunoﬂuorescent microscopy with anti-
YPEL5 antibody. At interphase, YPEL5 protein was localized in the
nucleus and centrosome (Figs. 2A1–4). During mitosis, YPEL5 was
detected on the spindle poles at prophase (Fig. 2B) and on the mitotic
spindle at metaphase through early anaphase (Figs. 2C and D). YPEL5
protein apparently condensed in the spindle midzone at midanaphase
and telophase (Figs. 2E and F), and ﬁnally, it was localized exclusively
in the midbody at cytokinesis (Fig. 2G). Immunoelectron microscopy
conﬁrmed the localization of YPEL5 protein in the midbody during
cytokinesis (Fig. 2H). Thus, YPEL5 protein changed its subcellular
localization during cell division cycle, sequentially from the nucleus/
centrosome to spindle poles, mitotic spindle, spindle midzone, and
ﬁnally midbody. This result suggested a certain role of YPEL5 protein
in the cell division or cell cycle progression.
Effect of knockdown of YPEL5 expression on cell proliferation
We performed knockdown experiments with small interfering
RNA (siRNA) using COS-7 cells. YPEL5-speciﬁc siRNAwas designed for
the 3′-untranslated region (UTR) sequence, which is common to
human and African green monkey (see Materials and methods). COS-
7 cells were treated with YPEL5 siRNA for 6 h and kept for further
growth. The effect of siRNA treatment wasmonitored byWestern blot
analysis, which revealed a signiﬁcant reduction of YPEL5 protein
amount in the cell (Fig. 3A). The knockdown of YPEL5 expression
suppressed the growth rate as indicated by increased doubling time,
from 21.1 h to 26.6 h (Fig. 3B). To analyze which phase of cell division
cycle was affected, we performed a cell cycle analysis by ﬂow
cytometry. For this, cells were ﬁxed at different time points (24, 48,
and 60 h) after siRNA treatment, and stained with propidium iodide
for ﬂow cytometry. Fig. 3C shows a representative proﬁle of cell cycle
distribution (at 60 h). The ratio of G1, S, and G2+Mphases of a control
culture was 39.5%, 38.1%, and 22.3%, respectively. This proﬁle was
changed to 50.8% (G1), 29.0% (S), and 20.2% (G2+M) by siRNA
treatment (see Supplementary Table 1 for 24 and 48 h). Then, we
calculated the duration of each phase according to the previously
reported method [6]. The duration was prolonged for G1 (1.4- to 1.7-
folds) and G2+M (1.2- to 1.3-folds) but not for S phase (Fig. 3D).
These results suggested that YPEL5 protein may act in G1 and G2+M
but more signiﬁcantly in the G1 phase to keep cell cycle progression.
Then, we performed further knockdown experiments using
synchronized COS-7 cells. For this, cells were processed for ﬁrst
thymidine block for 16 h and treated with siRNA for 6 h during the
period of 8-h release (Fig. 3E). Then, cells were processed for second
thymidine block and released again for growth. After 24 h, cell
proliferation was found signiﬁcantly suppressed with siRNA treat-
ment (Fig. 3E). Western blot analysis also showed signiﬁcant
reduction of YPEL5 protein (data not shown), and immunoﬂuorescent
staining with anti-YPEL5 antibody conﬁrmed its disappearance from
the cells (Fig. 3F-a and b). No signiﬁcant change was found in the
number of centrosome, which was detected by staining with anti-
gamma-tubulin antibody (Fig. 3F-c and d). No other changes were
Fig. 2. Changes of subcellular localization of YPEL5 protein in COS-7 cells during cell
cycle proceeds. (A–G) Immunoﬂuorescent staining: A, interphase; B, prophase; C,
metaphase; D, early anaphase; E, anaphase; F, telophase; and G, cytokinesis. Green, red,
and blue pseudocolors represent anti-YPEL5, anti-gamma-tubulin and DAPI signals,
respectively. A-3 is amerged image of A-1 and A-2. B–G aremerged images from each of
component images. The scale bar shows 20 μm. (H and I) Immunoelectron microscopy.
COS-7 cells were stained with anti-YPEL5 antibody (H) or preimmune rabbit IgG (I) and
observed by electron microscope. (H) YPEL5 was detected in midbody (arrow) and
microtubules (circle) during cytokinesis. (I) Negative control showed no signal. The
scale bar shows 1 μm. Nu, nucleus; Ly, lysosome (arrowhead).
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cell death (data not shown).
Next, we examined the effects of YPEL5 knockdown using live
medaka ﬁsh. For this, antisensemorpholino oligonucleotide (MO)was
designed for targeting the exon/intron junction of medaka Ypel-b
gene, an ortholog of human YPEL5. The antisense MO (Ypel-b-MO) or
negative control MOwas injected into 30 medaka embryos at one-cellstage (stage 2) [7] and kept for development. At stage 17, signiﬁcant
number ofmalformed embryoswas observed in the Ypel-bmorphants
(17/30; 57%) as compared to control morphants (6/30; 20%) (pb0.01
by χ2 test; Fig. 3G). Apoptosis was detected in these malformed
embryos by acridine orange staining (data not shown). These obser-
vations suggested that Ypel-b-MO suppressed medaka Ypel-b expres-
sion and normal embryogenesis was interrupted with suppression of
cell proliferation.
Identiﬁcation of YPEL5-binding protein by yeast two-hybrid screening
We carried out yeast two-hybrid (Y2H) screening using a cDNA for
the entire protein coding region of human YPEL5 as a bait and a human
brain cDNA library as a prey and isolated 14 independent cDNA clones.
Sequence analysis revealed that majority of clones (11/14) encode
partial sequences of a gene “Ran binding protein in the microtubule-
organizing center” (RanBPM) (HUGO gene symbol, RANBP9). The
remaining three clones were found to encode three different proteins
“cannabinoid receptor interacting protein 1” (CNRIP1), “neuro-oncol-
ogical ventral antigen 1” (NOVA1), “COP9 constitutive photomorpho-
genic subunit 5” (COPS5), respectively. Then, total four proteins
(RanBPM, CNRIP1, NOVA1, and COPS5) were examined for possible
interaction with YPEL5 by cotransfection of a pair of expression
vectors, HA-tagged cDNA for each protein and FLAG-tagged cDNA for
YPEL5. In the extracts of transfected COS-7 cells, signiﬁcant amounts of
tagged proteins were produced (Fig. 4; cell extract). Immunoprecip-
itation with anti-FLAG tag antibody was performed, and the resulting
immunoprecipitate was analyzed by Western blot with anti-HA tag
antibody (Fig. 4; IP:FLAG). As seen, all the HA-tagged proteins were
detected at migration points with proper molecular weights, indicat-
ing that they bound to FLAG-tagged YPEL5 protein. Of these four
proteins, we focused on RanBPM because it was reported to locate in
the “perinuclear region containing the centrosome” (PNRCC) during
interphase [8]. It was conﬁrmed that HA-tagged RanBPM bound to
endogenous YPEL5 in COS-7 cells (see Fig. 6).
YPEL5 binding site of RanBPM protein
Eleven partial cDNA clones for YPEL5-binding protein screened by
Y2H covered various regions of RanBPM protein and their minimum
overlapping region (MOR) corresponded to a distinct region of 146–
330 aa (Fig. 5A). Human RanBPM has four domains, namely SPRY,
LisH, CTLH and CRA (Fig. 5A) [9]. The MOR corresponds to almost
entire SPRY domain; hence, the SPRY domain was considered
necessary for binding of YPEL5.
Then, a series of deletion constructs (RanBPM-a through RanBPM-e)
were constructed using HA-tag vector (Fig. 5A) and used for coexpres-
sion in COS-7 cells with FLAG-tagged YPEL5 protein. Immunoprecipi-
tates of the truncated proteins were detected for four deletion
constructs, RanBPM-a through RanBPM-d, proving for YPEL5-binding
ability, whereas no immunoprecipitates were detected for construct
RanBPM-e lacking SPRY domain (Fig. 5B). These results further support
that the SPRY domain of RanBPM is essential for binding to YPEL5.
Interaction between RanBP10 and YPEL5
BLAST search for the gene(s) that has homology to RANBP9 in the
human genomedatabase revealed one gene RANBP10 as a sole paralog.
It was found that RanBPM and RanBP10 proteins share the exactly
same domain organization (see Fig. 8) [10]. Therefore, we assumed
that YPEL5 could also bind to RanBP10 and examined the possibility
by transfecting expression vector of HA-tagged RanBP10 into COS-7
cells. As expected, Western blot analysis with anti-YPEL5 antibody
or anti-HA-tag antibody conﬁrmed the coimmunoprecipitation of
transfected RanBP10 and endogenous YPEL5 (Fig. 6). These results
Fig. 3. Effect of knockdown of YPEL5 expression on cell cycle progression. (A)Western blot analysis to monitor the YPEL5 expression. Cells cultured in six-well dishes were treated with
eitherYPEL5-speciﬁc siRNAor scrambled sequenceRNA(control) for6 h.TheexpressionofYPEL5proteinwas analyzedbyWesternblottingusinganti-YPEL5antibodyat the indicated time
after the start of siRNA treatment. Anti-alpha-tubulin antibodywas usedasa loading control. (B)Growth suppressionofCOS-7 cells byYPEL5-speciﬁc siRNA.Cellswere culturedand treated
as described in (A). Cell number was counted at 24 h, 48 h, and 60 h after the start of siRNA treatment. Each data point represents the average of two independent wells. (C) Cell cycle
proﬁles of COS-7 cells at 60 h. The siRNA- or scrambled RNA (control)-treated cells were ﬁxed and stainedwith propidium iodide (PI), then analyzed for DNA contents by ﬂow cytometry.
(D) Duration of G1, S, and G2+M phases of COS-7 cells. Duration of each phase was calculated using a published method [6]. The signiﬁcance of differences between control and siRNA-
treatmentwere testedby t-test.Mean±SDvalues of duration (h)were as follows: G1 (control), 7.01 (24), 5.81 (48), 6.7 2(60); G1 (siRNA), 9.97 (24), 9.58 (48), 11.23 (60); S (control), 8.35
(24), 8.70 (48), 8.28 (60); S (siRNA), 8.91 (24), 9.23 (48), 8.28 (60); G2+M (control), 5.79 (24), 6.64 (48), 6.15 (60); G2+M (siRNA), 7.68 (24), 7.75 (48), 7.05 (60). Signiﬁcant difference
was found for G1 (##Pb0.01) andG2+M (#Pb0.05). (E) Growth suppression of COS-7 cells by YPEL5-speciﬁc siRNA. Cells were treatedwith either YPEL5-speciﬁc siRNA or scrambled RNA
(control) during double thymidine block procedure (see the schedule on top panel). Cells were counted at indicated time. Each data point represents the average of 3 independent
experiments and error bars represent SD (standard deviation). (F) Suppression of YPEL5 expression. YPEL5 expression was monitored by immunoﬂuorescent microscopy. The siRNA-
treatedcellswereobservedat24 hafter the second thymidineblock. Cellswerestainedwith anti-YPEL5antibody(green color ina andb)and anti-gamma-tubulin (red color in c andd), and
nucleiwere visualizedwithDAPI (blue color in e and f). e and fwere produced bymergingof a+candb+d togetherwith eachofDAPI images, respectively. The scalebar shows 20 μm. (G)
Inhibition of normal development of medaka ﬁsh by injection of Ypel-b MO. Medaka embryos at one-cell stage were injected with medaka Ypel-b speciﬁc antisense morpholino oligo or
control morpholino oligo with ﬁve mismatches. Medaka embryos treated with Ypel-b MO showed apoptosis at stage 17. Arrows indicate a normal and malformed embryo, respectively.
105K. Hosono et al. / Genomics 96 (2010) 102–111indicated that endogenous YPEL5 protein has binding ability to
RanBP10 as well as RanBPM.New gene family Scorpin
RanBPM and RanBP10 have a unique domain organization in
common, which is not seen in any other proteins including other Ran
binding proteins. Homologs of these two proteins are found widely in
eukaryotes as described below. Hence, we propose a new gene family
consisting of RanBPM and RanBP10 and named Scorpin (SPRY-
containing Ran binding protein).
We performed comparative genomic analysis of Scorpin gene
family for the experimentally isolated transcripts and predicted
transcripts, which have the annotation “RanBPM homolog” in
Ensembl genome browser (http://www.ensembl.org/index.html).
We collected data from 27 eukaryotic species based on accurate
exon/intron structure and high homology. These experimental or
predicted transcripts of Scorpin gene family are listed in Table 1 and
Supplementary Table 2.Then, the deduced amino acid sequences of total 42 genes were
subjected to multiple alignment analysis and a phylogenetic tree was
drawn (Fig. 7). As seen, most of vertebrate species have two members,
and they are clearly separated to two clans, each of which includes
RanBPM and RanBP10, respectively. However, Scorpin family genes of
nonvertebrate species were not integrated into RanBPM or RanBP10.
Urochordate, insect, plant, nematode, and fungi formed independent
clans. Moreover, each of nonvertebrate animals (Ciona intestinalis,
insects and Caenorhabditis elegans) and fungi species had only one
member.We consider these single Scorpin familymembers as ancestral
type of vertebrate Scorpin family (namedScorpin-A). For frogs (Xenopus
laevis, Xenopus tropicalis) and bovine (Bos Taurus), only onemember per
species has been found,whereas for plants (Arabidopsis andothers), 1–3
members were found. However, current information is insufﬁcient to
make any conclusion on the gene number of these species.
Domain architecture of Scorpin family proteins
Scorpin familygenes/proteinswere compared in termsof exon/intron
structures, functional domains, and other molecular characteristics
Fig. 4. Coimmunoprecipitation of the HA-tagged candidate interacting proteins with
FLAG-tagged YPEL5. Each of HA-tagged cDNA construct of candidate proteins were
transfected together with FLAG-tagged YPEL5 construct. After immunoprecipitation
with anti-FLAG antibody, Western blot analysis was done using anti-HA tag antibody.
IP, immunoprecipitation; WB, Western blotting.
Fig. 5. Determination of YPEL5-binding region of RanBPM. (A) A series of RanBPM
deletion constructs. 3×HA tag was attached at N-terminal. The region “Y2H” marked
with broken line represents the minimum overlap region (MOR) of Y2H clones. See
Fig. 8 and Discussion for eSPRY region. (B) Coimmunoprecipitation of HA-tagged partial
RanBPM proteins and FLAG-tagged YPEL5. The RanBPM deletion constructs shown in
(A) were coexpressed with FLAG-YPEL5 and analyzed by immunoprecipitation and
Western blotting. IP, immunoprecipitation; WB, Western blotting.
Fig. 6. YPEL5-binding ability of RanBP10. COS-7 cells were transfected with each of HA-
tagged RanBP10 or HA-tagged RanBPM construct. Immunoprecipitation was performed
using one of anti-HA or anti-YPEL5 antibody, thenWestern blot analysis was done with
the other antibody. (A) Coimmunoprecipitation of HA-tagged RanBP10 or HA-tagged
RanBPM with anti-YPEL5 antibody. (B) Coimmunoprecipitation of YPEL5 with anti-HA
antibody. IP, immunoprecipitation; WB, Western blotting.
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the distinct features were noticed: (a) all the Scorpin family genes consist
of 14 exons; (b) four functional domains (SPRY, LisH, CTLH, and CRA) are
well conserved at the amino acid sequence level (higher than 92%, 61%,
83% and 72% similarity, respectively); and (c) position and size of the
exons corresponding to the four domains are highly conserved (see exons
2–8, 13, and 14). Similar domain organizationwas conserved in Scorpin-A
genes of Ciona, Drosophila, and yeast (Saccharomyces cerevisiae), but only
Ciona Scorpin-A is a single-exon gene [11]. Drosophila Scorpin-A shows
interesting similarity with vertebrate Scorpin-As in such a way that the
size of exon 2 (165 bp) and exon 3 (191 bp) exactlymatchwith exon 2+
3 and exon 4+5 of vertebrate, suggesting that introns 2 and 4 of
vertebrate members may have been introduced during more recent
evolution. Scorpin-A of C. elegans showed only three domains (SPRY, LisH,
and CTLH) except CRA by the analysis using SMART and pfam.
Interestingly, the SPRYdomainof yeastwas intervened with an unknown
sequence (Fig. 8A). PQ-rich region at the N-terminal of RanBPM [8] was
conserved only inmammalian species (human andmouse) but not found
in zebraﬁsh and frog (data not shown). Interestingly, RanBP10 and
Scorpin-A have no PQ-rich region.
Of vertebrate Scorpin family members, a short 68-aa sequence
ahead of the SPRY domain was highly homologous (84–100%
similarity), and thus, we named it IUS (immediate upstream to
SPRY) region (Fig. 8). The IUS region was found in Ciona and
Drosophila (63% and 67% similarity to human RanBPM, respectively)
not in C. elegans and S. cerevisiae. IUS and SPRY together forms a
conserved region, which we named eSPRY (extended SPRY).
Discussion
YPEL5 may have animal-speciﬁc function associated with cell division
cycle
Human YPEL5 belongs to the YPEL gene/protein family consisting
of ﬁve members that are highly conserved in eukaryotic species [1].
However, molecular phylogenetic analysis revealed an important
Table 1
Transcripts of Scorpin family genes collected and analyzed.
Group Species Experimental
transcripts
Predicted
transcripts
Vertebrate Human M, 10
Chimp M, 10
Macaque M, 10
Bos 10
Mouse M, 10
Rat M (e), 10
Opossum M (e), 10
Platypus M, 10 (e)
Chicken M, 10 (e)
X. laevis M
X. tropicalis M
Tetra M (e), 10
Fugu M (e), 10
Medaka M, 10
Stickleback M (e), 10
Zebraﬁsh M, 10
Urochordate Ciona A
Insect Drosophila A
Anopheles A
Aedes A
Plant Arabidopsis Pa
Zea mays P
Oryza P
Hordeum P
Nematode C. elegans A
Fungi Ashbya A
S. cerevisiae A
M, RanBPM; 10, RanBP10; A, Scorpin-A; P, Scorpin members from plant.
(e) Transcripts in Ensembl that were manually edited in this study.
a Three Scorpin members were found from Arabidopsis.
Fig. 7. Phylogenetic tree of Scorpin familymember proteins. CLUSTAL X and Njplot were
employed. Horizontal lengths of tree branches are proportional to the extent of
sequence divergence from the common ancestor. Bootstrap values were also indicated
at nodes in which major subgroups branched. “e” represents that the transcript was
predicted and manually edited (see Table 1).
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YPEL family members are classiﬁed into two different clans Animal-A
and Animal-B (Fig. 1). All the plant YPELmembers were classiﬁed into
the upper clan together with Animal-A, whereas Animal-B to which
YPEL5 belongs, forms a clan independent of the plants and Animal-A.
Furthermore, subcellular localization analysis using anti-YPEL5
antibody indicated that endogenous YPEL5 is located in centrosome
and nucleus at interphase of cell cycle; then during mitosis, it changes
localization sequentially to spindle poles, mitotic spindle, and spindle
midzone, and ﬁnally, at cytokinesis, it is located on the midbody
(Figs. 2 and 3). The midbody formation is an animal cell-speciﬁc
molecular event associated with cytokinesis. Thus, molecular phylo-
genetic and subcellular localization analyses suggest that YPEL5
exhibits an animal-speciﬁc function in association with cell cycle
distinct from other YPEL family members (YPEL1–4).YPEL5 is involved in cell proliferation and growth
Signiﬁcant reduction of COS-7 cell proliferation was observed
when YPEL5 expression was inhibited by siRNA (Fig. 3A–F). Doubling
time was increased from 21.1 h (control) to 26.6 h (Fig. 3B). This
was mainly caused by prolonged duration of G1 (1.4- to 1.7-folds) and
G2+M (1.2- to 1.3-folds) (Fig. 3D). Prolonged duration of G2+M is
small but signiﬁcant, implying a possible function of YPEL5 at mito-
sis and cytokinesis (Fig. 2B–G). However, prolonged duration of G1
phase is more signiﬁcant. Thus, YPEL5 protein is thought signiﬁcant
for the progress of cell proliferation although molecular mechanism
has to be further elucidated. Moreover, development of medaka ﬁsh
embryos was arrested when Ypel-b expression was suppressed by
injection of antisense MO (Fig. 3G). This developmental arrest was
considered due to inhibition of normal cell proliferation. These
observations in live animal (ﬁsh) embryos and cultured cells
suggested that YPEL5 is involved in the cell cycle progression and
growth.A novel gene family Scorpin
RANBP10 was found as a sole paralog of RANBP9 in the human
genome. RanBP10 also exhibited YPEL5-binding ability. We consid-
ered that RanBPM and RanBP10 should be classiﬁed as an indepen-
dent family from other Ran binding proteins for various reasons: (a)
RanBPM and RanBP10 do not have “Ran binding domain” and
“enhancing ability of RanGAP1” that are found in RanBP1 and
RanBP2 [12–15]; (b) RanBPM and RanBP10 have neither Importin-
beta N-terminal domain nor activity as Importin or Exportin unlike
RanBP7, 8, 11, 13, 16, and 20 [16,17]; (c) RanBPM and RanBP10 do not
have any domains that are found in all other known Ran binding
proteins; (d) RanBPM and RanBP10 have the unique domain
organization (Fig. 8A). Therefore, we proposed a new gene/protein
family “Scorpin” consisting of RanBPM and RanBP10.
A novel gene family Scorpin is widely conserved among eukaryotic
species (Fig. 7). In detail, vertebrates bear two paralogs (RanBPM and
RanBP10), whereas nonvertebrate animals bear a single member,
which was assumed as an ancestral type and named as Scorpin-A.
Recently, Drosophila “RanBPM” was reported [18], and we found it is
the same protein as Scorpin-A. As Scorpin-A was considered as a
common ancestor of RanBPM and RanBP10, we examined which of
RanBPM or RanBP10 is the ortholog of Scorpin-A. We found that
Drosophila Scorpin-A has high homology to human RanBPM and
RanBP10 at amino acid sequence level: similarity with RanBPM is 59%
(whole protein), 82% (SPRY domain), 44% (LisH domain), 61% (CTLH
domain), and 42% (CRA domain), whereas similarity with RanBP10 is
60% (whole), 81% (SPRY), 42% (LisH), 65% (CTLH), and 46% (CRA). The
Fig. 8. A comparative analysis of genomic structure and domain architecture of Scorpin family genes. Scorpin family genes with complete genomic sequences whose transcripts were experimentally isolated were subjected to analysis. (A)
Genomic structure and domain architecture of Scorpin family genes from various species. Protein coding region of all exons was shown by connected blank boxes with the size in bp. Exon 5 of all RanBPM and RanBP10 was 23 bp in size. Four
functional domains and IUS were shown with colored shading. N-terminal PQ-rich region was indicated with blue lines. (B) Amino acid sequence alignment for the upstream regions of SPRY domain of vertebrate Scorpin proteins. The
numbers of leftmost amino acid of mouse and medaka RanBP10 in this ﬁgure are 29 and 76, respectively. Their further upstream region was not included in this ﬁgure because they did not show any homology to human and mouse RanBPM
(see #). For all of other proteins in this ﬁgure, the number of the leftmost amino acid is one. See text for the details on the IUS, SPRY, and eSPRY regions.
108
K
.H
osono
et
al./
G
enom
ics
96
(2010)
102
–111
Table 2
PCR primers used for cloning human and medaka genes.
Primer name Primer sequence
medakaYpel-b2.F1 TCGGCTCCCCACAAAGTTAT
medakaYpel-b2.R1 AGAGGTCTGTGGGGGTTAAT
medakaYpel-c.F1 CAGCAGAGCTGCAACTCTTC
medakaYpel-c.R1 GTGTGCAGGTTCATGGCTGT
medakaYpel-d.F1 ACCTGTGTGTTGCGGTGCTT
medakaYpel-d.R1 CCGAACCAAAGTCACACACT
medakaRanbpm.F1 GCTTTGCTCTCAACCCACTA
medakaRanbpm.R1 GAGCTGTGGCTCTTACTTGA
medakaRanbpm.F2 AGTCTCAGGACAGTTACCCT
medakaRanbpm.R2 TCATGACCAGACAGGCCTTT
medakaRanbp10.F1 GGAAAAGTTGAAAGTCTTGAAAGTGC
medakaRanbp10.R1 ATCTCCACAAACTGACGACATTTCAA
medakaRanbp10.F2 ACCGAGACCATGATCCAAGA
medakaRanbp10.R2 GTCAGGTTCATGCAGGAGAA
FLAG-YPEL5.F1 AGCCAAGCTTATGGGCAGAATTTTCCTTGA
FLAG-YPEL5.R1 CTCTGAATTCTCAAGAGTTATCAGATGGTA
HA-RanBPM.F1 AGTCGCGAAGCTTATGTCCGGGCAGCCGCCGCC
HA-RanBPM.R1 TGAAATGGTACCCTAATGTAGGTAGTCTTCCA
HA-RanBP10.F1 TCCCAAGCTTATGGCGGCAGCGACGGCAGA
HA-RanBP10.R1 GCACTCTAGACTAGTGCAAGTAGTCATCAAC
HA-CNRIP1.F1 TCGCAAGCTTATGGGGGACCTGCCGGGCCT
HA-CNRIP1.R1 AGAGGAATTCTCAGAGGAAGGACTCCTTGT
HA-NOVA1.F1 TGCAAAGCTTATGGCGGCAGCTCCATCCA
HA-NOVA1.R1 ACTGTCTAGATCAACCCACTTTCTGAGGAT
HA-COPS5.F1 TTCCAAGCTTATGGCGGCGTCCGGGAGCGG
HA-COPS5.R1 CAGAGAATTCTTAAGAGATGTTAATTTGAT
HA-RanBPM-a.R1 TTTCGGATCCCTACTGACTTCCTCCACACAACT
HA-RanBPM-b.R1 ACTTGGATCCCTAGCCTCCCAAACATCGTA
HA-RanBPM-c.R1 TCATGAATTCTCATTCTCCTTCTCGATCTCCGA
HA-RanBPM-d.R1 TCCAGGTACCCTAATAGTCTTCTATATCAAACA
HA-RanBPM-e.R1 TCCCGGTACCCTATGGTATTGGATGCGTGGCTC
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but not in RanBP10 and Scorpin-A (Fig. 8A). Therefore, the presence or
absence of PQ-rich region cannot be taken as a basis to determine
which is an ortholog of Scorpin-A. Thus, further analysis is necessary
to determine the ortholog of Scorpin-A.
Domain organization and function of Scorpin family proteins
RanBPM has four distinct domains, SPRY, LisH, CTLH, and CRA, and
it interacts with YPEL5 and various proteins including fragile Xmental
retardation protein, Dectin-1, MET, androgen receptor, glucocorticoid
receptor, and centaurin alpha-1 [9,19–22]. We identiﬁed the SPRY
domain as a binding site to YPEL5 (Fig. 5B). Scorpin family proteins of
vertebrate have a highly conserved 68-aa extension (IUS) ahead of the
SPRY domain, forming eSPRY (extended SPRY) (Fig. 8). Surprisingly,
the MOR of cDNA clones isolated by Y2H method corresponded to
eSPRY region (Fig. 5A). Thus, eSPRY domain of RanBPM was
considered necessary for binding to various proteins including YPEL5.
Findings related to the Scorpin family proteins are increasing as
follows: (1) RanBPM was proposed to act as a “scaffolding protein”
[23]; (2) RanBPM protein is localized in the PNRCC during interphase
[8] and is phosphorylated by Plk1 (polo-like kinase 1) in association
with Ran, and Plk1 and Ran are colocalized at centrosomal region [24];
and (3) in megakaryocytes, RanBP10 is associated with microtubule
and it exhibits RanGEF activity [25]. However, the detailed function of
the family proteins is not yet elucidated. We showed that YPEL5 is
localized in centrosome and nucleus during interphase, and the
location is sequentially changed to spindle poles, mitotic spindle,
spindle midzone, and then ﬁnally to midbody during cell division
(Fig. 2).We also showed that knockdown of YPEL5 expression delayed
cell cycle progression by prolonging the duration of G1 and G2+M
phases (Fig. 3). Furthermore, we found RanBPM and RanBP10 as
YPEL5-binding proteins. Therefore, we assume that RanBPM/RanBP10
interacts with YPEL5 in centrosome or nucleus at interphase and in
some cell division apparatuses during mitosis and cytokinesis to
regulate the progression of cell cycle.
Further analysis of the function and interaction of YPEL5 and
Scorpin family proteins may lead to new ﬁndings on the cell division
and cell cycle progression.
Materials and methods
cDNA cloning and construction of expression vectors
Polymerase chain reaction (PCR) was performed using the KOD
Plus ver.2 PCR system (TOYOBO, Japan) with primer sets shown in
Table 2. The cDNA cloning was performed using PCR-ampliﬁed
products from the Marathon-Ready human brain cDNA library
(TAKARA, Japan) and the cDNA isolated from medaka ﬁsh (a strain
Cab of O. latipes) in adult stage. PCR was performed according to the
manufacturer's protocol under the condition of 98 °C for 10 sec, 65 °C
for 30 sec, and 68 °C for 1 min for 35 cycles in an automated thermal
cycler, GeneAmp PCR System 9700 (Applied Biosystems, Foster City,
CA, US). The ampliﬁed products were cloned into the Hinc II site of the
pUC118 plasmid vector (TAKARA, Japan) and used as templates for
nucleotide sequencing. DNA sequencing was carried out using BigDye
Ver3.0 and ABI3100 genetic analyzer (Applied Biosystems, Foster City,
CA, USA).
Accession numbers for three new YPEL family member cDNAs of
medaka ﬁsh cloned in this study are AB489910 (Ypel-b2), AB489908
(Ypel-c) and AB489909 (Ypel-d). These were cloned using the
sequence information of medaka and zebraﬁsh ESTs as follows:
AM333472 and AM312203 (medaka) and DN858186 (zebraﬁsh).
For cDNA cloning of medaka Scorpin family genes, the
following predicted gene information of Ensembl (http://www.
ensembl.org/Oryzias_latipes/index.html) was used: Ensembl GeneID ENSORLG00000006296 for Ranbp9 and ENSORLG00000012696 for
Ranbp10. Accession numbers for Scorpin family member cDNAs of
medaka cloned in this study are AB489906 (Medaka.Ranbpm) and
AB489907 (Medaka.Ranbp10).
cDNA cloning for the expression of tagged protein was performed
as follows. Human YPEL5 cDNA (AB098739) was inserted into an
expression vector p3xFLAG7.1 (Sigma, St Louis). Another expression
vector p3xHA-Nwas used for Human RanBPM (NM_005493), RanBP10
(NM_020850), CNRIP1 (NM_015463), NOVA1 (NM_006491), COPS5
(NM_006837) [26]. cDNAfragmentsofRanBPM(RanBPM-a through-e)
(Fig. 5) were also cloned into p3xHA-N vector. The intended
construction of each clone was conﬁrmed by DNA sequencing of each
insert.
YPEL and Scorpin family members in the public databases
Accession numbers of a few YPEL family members from non-
human species are DV951623 (zebra-ﬁnch), EC658423 (Cyanophora),
and FD813166 (Volvox). All of YPEL family members used for the
analysis in this report were listed in Supplementary Information 1.
Scorpin family genes searched by BLAST analysis from DDBJ/
EMBL/GenBank for experimentally isolated transcripts are listed in
the column of “Experimental transcripts” of Table 1 (see Supplemen-
tary Table 2 for details including accession numbers). Predicted
Scorpin family genes and possible transcripts with the annotation of
“RanBPM homolog” in Ensembl databases (http://www.ensembl.
org/index.html) were also used (see the rightmost column of Table 1
and Supplementary Table 2 for details). We compared these predicted
transcripts with known RanBPM/RanBP10 transcripts, and manually
edited possible exon regions to more match with them if necessary. In
total 20 predicted transcripts, 10 of them were edited (see footnote
“e” of Table 1). Of these 10 edited genes, 7 of them had a gap of
genomic sequence (see footnotes of Supplementary Table 2). Avail-
able parts were used to draw a phylogenetic tree for these genes with
a gap. A total of 42 Scorpin members in Table 1 were analyzed for
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Table) and 14 members (“10”) showed higher homology to RanBPM
and RanBP10, respectively. Thirteen members (“A”) showed almost
same homology to both. For plants, we could not conclude the
relationship with RanBPM and RanBP10 (see “P” in Table 1).
Computer analysis of DNA and protein sequences
Multiple alignments of amino acid sequences and construction of
phylogenetic tree with the neighbor-joining method were performed
using CLUSTAL X version 2.0 and NJplot [27–29]. Alignment was
manually examined, when necessary. SMART (http://smart.embl-
heidelberg.de/) and Pfam (http://pfam.sanger.ac.uk/) were used to
search protein functional domains.
Cell culture, synchronization, and ﬂow cytometric analysis
African green monkey COS-7 cells were grown in Dulbecco's
modiﬁed Eagle's medium (DMEM) containing 10% fetal bovine serum
(FBS) under standard cell culture conditions.
Synchronization of COS-7 cells was performed as previously
reported with slight modiﬁcations [1]. Flow cytometric analysis of
random culture cells was performed using EPICS XL (BECKMAN
COULTER, Miami, FL). Cells were ﬁxed with 70% ethanol, stained with
50 μg/ml propidium iodide, and subjected to the ﬂow cytometer. The
ratio of each cell cycle phase was calculated using a software
Multicycle (Phoenix Flow Systems, San Diego, CA).
Indirect immunoﬂuorescent staining and immunoelectron microscopy
For immunoﬂuorescent staining, COS-7 cells were cultured on
coverslips placed in six-well plates (SUMITOMO, Japan). These cells
were rinsed with PBS, ﬁxed with 4.0% paraformaldehyde for 20 min,
and permeabilized with cold 70%methanol for 5 min. Then, cells were
incubated with PBS containing 1% Prefect Block (MoBiTec, Germany)
for 1 h and treated with afﬁnity-puriﬁed rabbit anti-YPEL5 antibodies
at 1:100 dilution [1] and/or mouse monoclonal anti-gamma-tubulin
antibody at 1:1000 dilution (clone GTU-88; Sigma). The target
protein-bound antibodies were visualized with ﬂuorescent-labeled
secondary antibodies, Alexa 488-conjugated goat anti-rabbit IgG and
Alexa 594-conjugated goat anti-mouse IgG at 1:500 dilution (Invitro-
gen, Carlsbad, CA). Cell nuclei were stained with DAPI (Invitrogen) for
30 sec. Fluorescent image was recorded by the ECLIPSE E800 (Nikon,
Japan) and Axioskop 2 plus microscope (ZEISS, Germany).
The ﬁxation method using paraformaldehyde and methanol was
found satisfactory to prove colocalization of these proteins, although
the quality of double staining image was insufﬁcient. We routinely
observed dot-like staining of gamma-tubulin by conventional immu-
nostaining [30]. However, in this study, double staining of gamma-
tubulin and YPEL was required, and we encountered with uniform
staining of gamma-tubulin around centrosome. When we applied the
ﬁxation method routinely used for gamma-tubulin to stain YPEL5,
anti-YPEL5 antibody did not show any ﬂuorescent signal. Thus, we
developed a new method for double staining of gamma-tubulin and
YPEL5 after trying several different methods.
For immunoelectronmicroscopy, COS-7 cells were treated afﬁnity-
puriﬁed rabbit anti-YPEL5 antibodies and then ﬁxed with 2% OsO4 in
0.1 M sodium phosphate buffer (pH 7.2) for 1 h, dehydrated in a series
of graded ethanol and embedded in Quetol 812. Ultrathin sections
were stained in 1% lead citrate and examined with an electron
microscope JEM-1200EX (JEOL, Japan) [31].
Small interfering RNA (siRNA) and transfection
YPEL5 cDNAs of human and African green monkey (AB098739 and
AB160981) showed a high homology (98% similarity). For designinghuman and African green monkey YPEL5-speciﬁc siRNAs, we selected
3′-UTR sequence common to both species as a target since it showed
no or low homology to other genes including other YPEL family
members. Sequence of the siRNA was designed using siDirect www
server (http://genomics.jp/sidirect/) [32]. The designed siRNA
sequence was 5′-CGC UAA AGG CUC AGU GUU AGC-3′, and negative
control (scrambled) sequence was 5′-CGC UAA GGA CUU AGU GUC
AGC-3′. The siRNA duplexes were prepared by Silencer siRNA
Construction kit (Applied Biosystems, Foster City, CA) and CEM
custom siRNA (HAYASHI KASEI, Japan). Transfection of siRNAs using
Oligofectamine (Invitrogen) was performed according to the manu-
facturer's instructions.
Antisense morpholino oligonucleotide (MO) and microinjection
Medaka Ypel-b speciﬁc MO was designed from exon/intron
junction using medaka genomic sequence (http://www.ensembl.
org/Oryzias_latipes/index.html) [33]. The sequence of designed MO
against Medaka Ypel-b was 5′-GTGAAGTTCAATTACCTTGTTAAAC-3′,
and negative control with ﬁve mismatches was 5′-GTCAACTTGAAT-
TACGTTGTTAAAC-3′. MOs were obtained from GeneTools (Funakoshi,
Japan). MOs were dissolved at 4 mM in Danieau solution (5 mM
HEPES (pH 7.6), 58 mM NaCl, 0.7 mM KCl, 0.4 mM MgSO4, and
0.6 mM Ca(NO3)2) and stored at −20 °C. The Kyoto-Cab strain of
medaka was a generous gift from Dr. Makoto Furutani-Seiki (Bath
University) and Prof. Hisato Kondoh (Osaka University). Maintaining
medaka and preparation of embryo were carried out according to
previous report [34]. Microinjection was performed with a glass
needle and a nitrogen gas pressure system (Narishige, Japan).
Working dilutions of MOs were prepared with Danieau solution
containing 0.05% phenol red, and 0.5 mM MOs were injected into the
yolk of embryos at the one-cell stage andmonitored the morphants at
the stage 17 (incubated for 36 h at 30 °C).
Yeast two-hybrid (Y2H) screening
Y2H screening was performed using the MATCHMAKER GAL4
Two-Hybrid System kit (TAKARA, Japan) according to the manufac-
turer's instructions. For bait construction, a full-length cDNA encoding
the human YPEL5 (AB098739) was ampliﬁed using primers 5′-
TCAGCCGAATTCATGGGCAGAATTTTCCTTGA-3 ′ and 5 ′ -
CTCTCTGGATCCTCAAGAGTTATCAGATGGTA-3′. The PCR product was
sequenced and cloned into the pGBKT7 vector (TAKARA, Japan). S.
cerevisiae AH109 strain was transformedwith the bait construct in the
presence of lithium acetate. Expression of the fusion protein was
conﬁrmed by Western blotting, and the protein did not show cell
toxicity and autonomous transcriptional activation (data not shown).
The yeast strain AH109 expressing the bait protein was mated to S.
cerevisiae Y187 strain containing an adult human brain cDNA library
(TAKARA, Japan). A total of 5×106 clones were screened. Colonies
were picked and subcultured on SD/-Leu/-Trp/-His/-Ade plates three
times. These colonies that grew on this procedure were subjected to
beta-galactosidase assays [35] by colony ﬁler-lift according to the
manufacturer's instructions. For the colony ﬁlter-lift assay, single
colonies were picked up and transferred to a Whatman No. 5 ﬁlter
paper, which was further incubated on a fresh plate for 3 days. The
ﬁlters were frozen in liquid nitrogen and then layered over a second
ﬁlter presoaked with Z-buffer, which contained 2-mercaptoethanol
and X-gal. Incubation was done for 1 to 8 h at 30 °C. Clones that tested
positive for beta-galactosidase were sequenced and searched against
the nr database using BLAST through the NCBI WWW server.
Immunoprecipitation and Western blot analysis
COS-7 cells were transfected with each of the HA-tagged human
YPEL5 associated members together with FLAG-tagged human YPEL5
111K. Hosono et al. / Genomics 96 (2010) 102–111using Fugene 6 (Roche Diagnostics, Manheim, Germany) according to
the manufacturer's instructions. The transfected cells were cultured
for 48 h and collected and lysed in 1% Triton X-100 containing lysis
buffer (50 mM Tris-HCl, 150 mM NaCl, and Complete Protease
Inhibitor (Roche Diagnostics, Manheim, Germany)). The cell lysates
were cleared by centrifugation at 10,000×g for 30 min at 4 °C. The
supernatants were preincubatedwith protein G Sepharose 4 Fast Flow
beads (GE Healthcare, Sweden) for 1 h at 4 °C. Both anti-FLAG beads
(Ezview Red Anti-FLAG M2 agarose; sigma) and anti-HA beads
(MONOCLONAL ANTI-HA AGAROSE; sigma) were blocked by incu-
batingwith 1% perfect Block in lysis buffer at 4 °C for 1 h. Preincubated
lysates were incubated with blocked beads at 4 °C for 2 h then eluted
with SDS sample buffer. The samples were boiled for 5 min at 99 °C
and analyzed byWestern blot using appropriate antibodies. Detection
was performed using ImmunoStar Reagents (WAKO, Japan) and
visualized by LAS-1000mini (FUJIFILM, Japan). For immunoprecipita-
tion of endogenous YPEL5, anti-YPEL5 beads were prepared by
incubating 2 μg rabbit anti-YPEL5 antibody [1] with 20 μl of Protein
G Sepharose 4 Fast Flow in lysis buffer at 4 °C for 1 h.
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